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1.  MMCs achieve unique properties through systematic combinations of different constituents with significantly greater processing complexity than is usually required for monolithic materials.   The main concerns are structural (fiber-matrix) variables, property requirements, and processing options, including variables such as fiber composition, structure, relative dimensions and orientation in the matrix, nature and stability of bonding at the interfaces, and matrix mechanical and physical properties. These structure, property, and processing options form a three-dimensional matrix through which well-defined paths need to be identified to optimize properties and performance while controlling processing and structural complexity.   For example, careful mapping may reveal that two or more presently used combinations are redundant, in which case a choice may be made on the basis of cost and manufacturability alone.
2.  A fuller understanding is needed of how processing options upgrade or degrade the performance of MMCs.   The properties of an MMC are optimized when a spatially uniform dispersion of oriented and undamaged fibers or whiskers is in intimate, bonding contact with a structurally and compositionally uniform metallic matrix having high (near theoretical) density.   Such optimization is exceedingly difficult to achieve without favorable bonding characteristics between a dispersant and a matrix that have been thoroughly mixed.   Good fiber/whisker wettability is an essential characteristic for an MMC processed by foundry methods.
3. Metal matrix-ceramic fiber combinations, whose potential for widespread use in manufactured products is promising, are currently optimized for in-service properties, but not for processability. Intrinsically poor fiber-matrix bonding/wettability is made acceptable only through complex, difficult-to-control processing steps, such as precoating fibers and/or alloying and prernelting the matrix to improve its wetting characteristics. Both of these steps, which have been developed empirically, can degrade the physical and mechanical properties of the MMC, especially if excessive chemical interpenetration and structural alteration occur at the fiber-matrix interface.
Educational Infrastructure
Over the past several decades, a serious erosion of attention to materials processing in university materials engineering programs has been allowed to occur. Of the many factors that have contributed to this trend, two are relevant to the present discussion.